Females have larger pelves than males among eutherians to mitigate obstetrical difficulty. This study addresses 3 issues concerning pelvic sexual dimorphism using 8 species that are sexually monomorphic in nonpelvic size: Aotus azarae, Castor canadensis, Dasypus novemcinctus, Hylobates lar, Saguinus geoffroyi, Sciurus carolinensis, Sylvilagus floridanus, and Urocyon cinereoargenteus. Using published data to compute the index of relative newborn body mass (RNBM = [newborn body mass/adult female body mass]100%) for 266 eutherian species, A. azarae, H. lar, and S. geoffroyi are characterized as giving birth to relatively large newborns and the other 5 species as giving birth to relatively small newborns. The 3 issues are, compared to species giving birth to relatively small newborns, whether species that give birth to relatively large newborns have 1) higher magnitude of pelvic sexual size dimorphism (SSD), 2) lower prevalence of pelvic joint fusion, and 3) dissociation between pelvic and nonpelvic sizes. Nine measures of the pelvis were taken, and fusion of interpubic and sacroiliac joints was observed. Species grouped by high and low RNBM do not differ significantly in magnitude of SSD of pelvic inlet circumference. Species with high RNBM have significantly lower prevalence of interpubic joint fusion than those with low RNBM. Sexes do not differ in their multiple correlation coefficients between inlet circumference and nonpelvic body size in 7 of 8 species. Results suggest that 1) there are multiple anatomical pathways for pelvic obstetrical sufficiency, 2) an unfused interpubic joint is obstetrically advantageous, and 3) relative newborn size does not change the association between pelvic and nonpelvic size in females and males. This study compares 8 species of eutherian mammals concerning 3 issues related to sexual dimorphism of the pelvis as an obstetrical adaptation. Compared to metatherians, eutherians give birth to relatively large newborns (i.e., eutherians have a higher index of newborn body mass as a percentage of adult female body mass- Leitch et al. 1959:14-21, 
This study compares 8 species of eutherian mammals concerning 3 issues related to sexual dimorphism of the pelvis as an obstetrical adaptation. Compared to metatherians, eutherians give birth to relatively large newborns (i.e., eutherians have a higher index of newborn body mass as a percentage of adult female body mass- Leitch et al. 1959:14-21, The implied obstetrical difficulty in eutherians is expected to lead to pelvic sexual dimorphism, with females having a larger pelvis than males as an adaptation for successful birth. Ridley (1995:197) asserted that, "In most, probably all, mammals, the pelvis (scaled for body size) is larger in females than males." This study considers the assertion of near universality of pelvic sexual dimorphism among eutherians by comparing 1) females and males within species and 2) females among species grouped by relative newborn size to address 3 issues: 1) magnitude of sexual size dimorphism (SSD) of pelvis, 2) prevalence of pelvic joint fusion, and 3) association between pelvic size and nonpelvic body size.
In a sample of 114 eutherian species from Leitch et al. (1959) , newborn body mass scales to the power of 0.83 with adult female body mass; these species show a range in relative newborn body mass (RNBM) from 0.23% for Ursus maritimus (polar bear) to 34.5% for Rhinolophus ferrumequinum (greater horseshoe bat). Several researchers have suggested that RNBM is associated with degree of obstetrical difficulty and magnitude of pelvic SSD (Leutenegger 1974; St. Clair 2007; DeSilva 2011) .
Eutherians also show a wide range in magnitude of nonpelvic SSD. For body mass, females are larger than males by 8% in Plecotus auritus (brown long-eared bat) and Saccopteryx leptura (lesser sac-winged bat), whereas males are larger than females by 457% in Callorhinus ursinus (northern fur seal Ralls 1976; Weckerly 1998) . Nonpelvic SSD can confound our understanding of pelvic SSD as an obstetrical adaptation in 2 ways. First, among anthropoid primates, magnitude of nonpelvic SSD (i.e., males larger than females) is positively related to magnitude of pelvic SSD (i.e., females larger than males). This relationship is independent of RNBM (Schultz 1949; Tague 2005) . Second, identification of pelvic SSD can be problematic in species in which males are much larger than females in nonpelvic size because females may have absolutely smaller, but relatively larger, pelves than males. In Gorilla gorilla (gorilla), for example, females are 14% smaller than males in the transverse diameter of the pelvic inlet but are 9% larger than males when this diameter is standardized by length and head diameter of the femur (Tague 2005:396, 401 , tables 1 and 3). Standardizing a pelvic variable by a measure of nonpelvic size may not remove this ambiguity, however, because females and males may differ in the allometric association between pelvic and nonpelvic measures (Schultz 1949; Tague 2000 Tague , 2005 . This study obviates the potentially confounding influence of nonpelvic SSD on pelvic SSD by using only species that are sexually monomorphic in nonpelvic size. Among these species, a pelvic sexual dimorphism in which females are larger than males can be logically interpreted as an obstetrical adaptation (Tague 2003) .
This study addresses 3 issues. The 1st issue concerns pelvic SSD. Females are expected to have larger pelves than males to facilitate birth. For example, females have an absolutely or relatively longer pubis (relative length is based on the ischiopubic index, which is computed as pubic length/ischial length) than males in a number of species of primates and rodents (Schultz 1949; Dunmire 1955; Leutenegger 1974) . A long pubis increases the size of the pelvic inlet and, thereby, is obstetrically advantageous. Ridley (1995:197) asserted that the "ischio-pubic index . . . shows the greatest sexual dimorphism of all measures of the pelvis: it is always larger in females than in males" (emphasis added). Ridley (1995) also demonstrated that magnitude of SSD in relative pubic length among primates is positively associated with relative newborn cranial size.
Pubic length contributes to pelvic capacity, but it is not a measure of capacity per se. Area and circumference are measures of pelvic capacity and are regarded as important indicators of pelvic obstetrical sufficiency (Ince and Young 1940; Allen 1947; Mengert 1948; Bellows et al. 1971; Johnson et al. 1988; Tague 1992) . Area is estimated by multiplying the anteroposterior diameter by the transverse diameter (Ince and Young 1940; Allen 1947; Mengert 1948; Wiltbank and LeFever 1961) ; in humans, this computed area is "fairly close" in agreement with actual area (Young and Ince 1940:377) . Pelvic inlet circumference, however, can be measured directly rather than estimated. Circumference is the focal pelvimetric in this study because it is the actual space available to the fetus during delivery. Therefore, this study evaluates whether 1) species show commonality in SSD of pelvic inlet circumference and 2) magnitude of SSD of pelvic inlet circumference is higher in species that give birth to relatively large newborns compared to those that give birth to relatively small newborns.
The 2nd issue concerns prevalence of pelvic joint fusion. Pelvic joint mobility can be important for obstetrical success, particularly for species that give birth to relatively large newborns (Tague 1988 (Tague , 1990 . Mobility of the interpubic joint provides temporary increase in interpubic joint width and, correspondingly, pelvic inlet circumference during delivery.
Among some species that give birth to relatively large newborns, such as Cavia porcellus and Tadarida brasiliensis (guinea pig and free-tailed bat, respectively), interpubic joint mobility is requisite for successful delivery (Talmage 1947; Crelin 1969) . Mobility of the sacroiliac joint allows for sacral nutation, which facilitates birth by increasing space in the lower pelvic planes. Moreover, fusion of the interpubic joint precludes mobility of the sacroiliac joint, and vice versa. Therefore, the expectations in this study are that 1) females will have lower prevalence of pelvic joint fusion than males within species and 2) among females, species that give birth to relatively large newborns will have lower prevalence of pelvic joint fusion than those that give birth to relatively small newborns.
The 3rd issue concerns whether the sexes differ in the association between pelvic inlet circumference and nonpelvic body size. Natural selection must be intense for the sexes to evolve SSD (Lande 1980) . For species that are either sexually monomorphic or dimorphic (with males larger than females) in nonpelvic body size, SSD of the pelvis (with females larger than males) implies both 1) intense natural selection for obstetrical sufficiency and 2) relative decoupling of pelvic size from nonpelvic body size. Humans give birth to big babies, and we show these dual associations: females larger than males in pelvic size, and low association between pelvic and nonpelvic sizes (Tague 2000; Kurki 2011) . Therefore, the expectation in this study is that within species the multiple correlation coefficient between pelvic inlet circumference and nonpelvic body size will be lower in females than males.
Materials and Methods
Eight species were used in this study: Aotus azarae (Azara's night monkey), Castor canadensis (American beaver), Dasypus novemcinctus (nine-banded armadillo), Hylobates lar (lar gibbon), Saguinus geoffroyi (Geoffroy's tamarin), Sciurus carolinensis (eastern gray squirrel), Sylvilagus floridanus (eastern cottontail), and Urocyon cinereoargenteus (gray fox). Three criteria were used for selection of species: 1) species were described in the literature as being sexually monomorphic or almost monomorphic in nonpelvic size (e.g., total length, length of long bones, or body mass, although body mass is problematic because it can be seasonally variable; Supporting Information S1); 2) hipbones, sacrum, or complete pelvis of at least 10 females and 10 males were available; and 3) pelves were large enough to be articulated and measured with calipers. The literature is inconsistent on whether some of these species are sexually monomorphic in nonpelvic size (e.g., U. cinereoargenteus; Supporting Information S1). Therefore, the samples of the 8 species were evaluated for sexual difference in 3 measures of nonpelvic skeletal size and body mass. Museum records were used for information on species assignation, sex, geographical locality, and body mass. These records did not show that any specimen was held in captivity; by inference, all specimens were wild caught. All specimens were adults, based on fusion of long bone epiphyses. Table 1 shows sample sizes for each species.
Nominal and metrical data were collected. Nominal data included presence or absence of fusion of the interpubic and sacroiliac joints. Metrical data included 8 measurements of the bony birth canal and 3 measurements of nonpelvic bones (Fig. 1) . One pelvic variable, circumference of inlet, was computed from these measurements, where Circ inlet = 2(BD) + DD. Here, Circ inlet = circumference of inlet, BD = linea terminalis length, and DD = sacral breadth (Fig. 1a) . Within each species, the index of SSD was computed for each pelvimetric variable, where SSD 1
There are a number of indices for characterizing SSD (Borgognini Tarli and Repetto 1986:56, table 2). The index used in this study expresses the percentage deviation in size of females compared to males. This index is appropriate for this study because the sexes are monomorphic for 4 measures of nonpelvic body size (see "Results") and, therefore, the sexes could be considered to be comparable in pelvic size with each other in the absence of natural selection on pelvic size for obstetrical sufficiency.
I articulated pelves to take measurements, applying strips of adhesive tape or paraffin wax to the sacroiliac joints, and encircling the pelvis with rubber bands. Pubic bones touched in the midline; no compensation was made for an interpubic disk. The full suite of measurements could not be taken for some specimens due to damage to bones or ligamentous preparation. Three pelvic measurements could not be taken for D. novemcinctus because the sacroiliac joint is fused in all specimens (see "Results"). This fusion obliterated the boundary between sacrum and ilium and, thereby, precluded measurement of sacral breadth and lengths of linea terminalis and lower ilium (Fig. 1a, D-D , B-D, and D-E, respectively). Although linea terminalis and sacral breadth could not be measured separately in D. novemcinctus, inlet circumference could be measured directly.
Measurements of pelvic and nonpelvic bones were taken with dial calipers and a curvometer. All linear measurements were taken to the nearest 0.1 mm. The curvilinear measurement, length of linea terminalis, was taken to the nearest 0.32 mm (Tague 2005) . Measurements were repeated on 38 specimens (17 D. novemcinctus, 10 S. carolinensis, 7 S. floridanus, and 4 U. cinereoargenteus) from several days to several months after the original measurements were taken. The range of the means for measurement precision was from 0.985 for sacral breadth to 0.999 for femoral and humeral lengths, where Precision = 1 − (|R − O|/O). Here, O = original measurement and R = repeat measurement.
Data on body mass of newborns and adult females for 266 eutherian species, including the 8 species in this study, were obtained from 3 sources: 1) primary literature, 2) original data provided to me by a colleague (Supporting Information S2), and 3) museum records of specimens used in this study. Newborn body mass in this study refers to body mass of a single individual on the day of birth to 2 days after birth. The predominance of newborns was delivered in captivity, whereas all data on adult female body mass are from noncaptive individuals. The index RNBM was computed from these data (Supporting Information S3), where RNBM = (NBM/AFBM)100%. Here, NBM = newborn body mass and AFBM = adult female body mass. Smith and Jungers (1997:529) argued that there are "shortcomings of some data sets" on adult body mass that are reported in the literature. I used more than 2,900 articles and books that were cited in compendia pertaining to reproductive biology or adult body mass (e.g., Leitch et al. 1959; Hayssen et al. 1993; Silva and Downing 1995; Jones et al. 2009 ) and found additional references not cited in these compendia. However, I used only primary literature in Supporting Information S3 (i.e., data from that study and not from citation of a personal communication or data from another study). If data on 2 or more individuals or samples were reported in a literature source, then the median value is used in this study. If data from 2 or more literature sources were available for a species, then the median is used in computation of RNBM. Median rather than mean is used to minimize the influence of outliers. Outliers may occur for at least 2 reasons: 1) reproductive status of adult females was not always reported in studies, and body mass of pregnant females would likely be higher than that for nonpregnant females; and 2) data were obtained from 769 studies, and researchers may differ in method of data collection and reporting.
SPSS Statistics 22.0 (2013) was used for all analyses: 1) Student's t-test to compare sexes for difference in means for pelvic and nonpelvic variables; 2) Mann-Whitney test to compare species categorized by RNBM for difference in SSD of pelvic variables and prevalence of pelvic joint fusion; 3) chisquare test with correction for continuity to compare sexes for difference in prevalence of pelvic joint fusion; 4) Pearson's product-moment correlation coefficient to assess linear association between pelvic variables; 5) Fisher's z-transformation to compare females and males for difference in their multiple correlation coefficients between pelvic inlet circumference and 3 measures of nonpelvic body size, which are femoral and humeral lengths and femoral head diameter (Olkin and Finn 1995; Zar 2010) ; body mass was not included in this analysis because only 40% of specimens in this study (n = 193) have data on all 4 nonpelvic variables, whereas 88% of specimens (n = 428) have data on the other 3 nonpelvic variables; and 6) coefficient of multiple determination, adjusted for sample size, which is the square of the multiple correlation coefficient and which represents the proportion of variation in pelvic inlet circumference associated with variation among 3 measures of nonpelvic body size.
Level of significance was set at P ≤ 0.05, although Benjamini and Hochberg's (1995) procedure was used to adjust this level in a multiple comparison test (and this procedure is robust even when the multiple tests are not independent of one anotherBenjamini and Yekutieli 2001). Two-tailed test of significance was applied for analyses within species because some species may be subject to no selection pressure or weak pressure for pelvic SSD, pelvic joint fusion, and relative dissociation between pelvic size and nonpelvic body size. One-tailed tests were used for analyses comparing species based on RNBM.
That is, compared to species giving birth to relatively small newborns, those giving birth to relatively large newborns were hypothesized to show 1) higher magnitude of pelvic SSD and 2) lower prevalence of pelvic joint fusion.
results
Sexual monomorphism in nonpelvic body size.-I tested 8 species for differences in 4 measures of female and male nonpelvic body size (lengths of femur and humerus, femoral head diameter, and body mass). Results show that the sexes are not significantly different from each other for all nonpelvic variables in all species (sample sizes for body mass for A. azarae and U. cinereoargenteus are too small to test for a difference between the sexes; Table 2 ).
Relative newborn body mass.-Each of the 8 species in this study is characterized as giving birth to relatively small or large newborns based on their index of RNBM. Supporting Information S3 presents RNBM for 266 species. For these 266 species, RNBM ranges from 0.3% for Ursus americanus (American black bear) to 46.4% for Rhinolophus comutus (little Japanese horseshoe bat). When the frequency distribution is subdivided by quartiles, which are 3.275%, 6.6%, and 10.1%, 5 species in this study are in the lower quartile (D. SSD of pelvis.-The 1st issue concerns whether 1) species show commonality in SSD of the pelvis and 2) species that give birth to relatively large newborns have higher magnitude of SSD compared to those that give birth to relatively small newborns. Table 3 presents summary statistics and indices of SSD for pelvic inlet circumference and the 4 measurements that contribute to inlet circumference in each species, sacral breadth, linea terminalis, lower iliac length, and pubic length. As discussed above, inlet circumference is the focal variable for pelvimetric analysis of sexual dimorphism. However, pubic length is also evaluated for sexual dimorphism because Ridley (1995) asserted that it is absolutely or relatively longer in females than males in all mammals. (Summary statistics and indices of SSD for the anteroposterior and transverse diameters of the pelvic inlet and outlet in each species are presented in Supporting Information S4.) Results show that females are significantly , sacral promontory to dorsomedial border of superior aspect of pubic body; 2) anteroposterior diameter of outlet (c, G-H), apex of last sacral vertebra (based on modal number of sacral vertebrae for each species) to dorsomedial border of inferior aspect of pubic body for Castor canadensis, Dasypus novemcinctus, Sciurus carolinensis, and S. floridanus, and to dorsomedial border of superior aspect of pubic body for Aotus azarae, Hylobates lar, Saguinus geoffroyi, and Urocyon cinereoargentus (measurement to the inferior or superior aspect of the pubis is based on whether the last sacral vertebra is inferior or superior to the superior border of pubis); 3) transverse diameter of inlet (a, C-C), maximum distance between lineae terminales, with this diameter being aligned visually to be perpendicular to the anteroposterior diameter of inlet; 4) transverse diameter of outlet (b, F-F), between dorsomedial points of ischial tuberosities; 5) sacral breadth (a, D-D), distance across ventral aspect of sacrum where sacrum met linea terminales when pelvis was articulated; 6) linea terminalis (a, B-D), dorsomedial border of superior aspect of pubic body to auricular surface of ilium; 7) pubic length (a, B-E), dorsomedial border of superior aspect of pubic body to anterior point of lunate surface of acetabulum; 8) lower iliac length (a, D-E), auricular surface of ilium to anterior point of lunate surface of acetabulum; 9) maximum length of humerus (d); 10) maximum length of femur between femoral head and articular surface of condyle (e); and 11) maximum diameter of femoral head (e, I-I).
larger than males for inlet circumference for 7 of 8 species; U. cinereoargenteus shows no significant difference between the sexes. Females have a significantly longer pubis than males in 6 species (C. canadensis, D. novemcinctus, H. lar, S. geoffroyi, S. carolinensis, and S. floridanus), but the sexes are not significantly different from each other in 2 species (A. azarae and U. cinereoargenteus). This study also evaluates whether the 3 species that give birth to relatively large newborns have higher indices of SSD of inlet circumference and pubic length compared to the 5 species that give birth to relatively small newborns. For both variables, results are in the expected direction but are not significant (rank 1 is assigned to the lowest index of SSD in the Mann-Whitney tests): 1) inlet circumference, Mann-Whitney U = 5, P = 0.286, 1-tailed test of significance, with mean ranks being 5.33 and 4.00 for species that give birth to relatively large newborns and those that give birth to relatively small newborns, respectively; and 2) pubic length, Mann-Whitney U = 6, P = 0.393, 1-tailed test of significance, with mean ranks being 5.00 and 4.20 for species that give birth to relatively large newborns and those that give birth to relatively small newborns, respectively.
Pelvic joint fusion.-The 2nd issue concerns whether 1) species show commonality in sexual difference in prevalence of pelvic joint fusion (i.e., interpubic and sacroiliac joints) and 2) among females, species that give birth to relatively large newborns have lower prevalence of pelvic joint fusion compared to those that give birth to relatively small newborns. Comparison between sexes among the 8 species shows 1 significant difference for prevalence of pelvic joint fusion, wherein females have significantly lower prevalence of interpubic joint fusion than males in H. lar (Table 4) . D. novemcinctus is unique among the species in this study because all females and males have fused interpubic and sacroiliac joints. In contrast, only 1 individual (1 female in U. cinereoargenteus) among the other 7 species (n = 418) shows fusion of the sacroiliac joint. For the interpubic joint and with the exception of D. novemcinctus, prevalence of fusion in females ranges from 0% (A. azarae and S. geoffroyi) to 80% (C. canadensis) and in males from 0% (A. azarae and S. geoffroyi) to 89% (U. cinereoargenteus).
Comparison among species shows that females that give birth to relatively large newborns have significantly lower prevalence of interpubic joint fusion compared to those that give birth to Benjamini and Hochberg (1995) procedure used to adjust probability level for multiple comparison; probability level for body mass in H. lar is not significant, with significant P ≤ 0.0125.
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JOURNAL OF MAMMALOGY relatively small newborns (Mann-Whitney U = 14, P = 0.036, 1-tailed test of significance). The corresponding comparison between relative newborn size and prevalence of sacroiliac fusion is not performed because only 1 specimen in a species other than D. novemcinctus shows this fusion. Association between pelvic size and nonpelvic body size.-The 3rd issue concerns whether females differ from males within species in their multiple correlation coefficients between pelvic inlet circumference and 3 measures of nonpelvic body size, which are femoral and humeral lengths and femoral head diameter. Results show 1 significant difference between the sexes in their multiple correlation coefficients (S. geoffroyi; Table 5 ). The adjusted coefficient of multiple determination ranges from 0.000 to 0.433 in females and from 0.000 to 0.699 in males (S. floridanus and D. novemcinctus, respectively, for both ranges; adjusted coefficient of multiple determination of 0.490 in A. azarae is not significantly different from 0).
discussion
Limitations of study.-There are 3 limitations of this study. First, neither the 8 species used in pelvic analysis nor the 266 species for which RNBM is computed are random samples within Eutheria. The sample of 266 species represents my most determined effort to obtain data from primary literature on both newborn and adult female body mass for as many species as possible; this sample represents 5.2% of all eutherian species and 15 of the 21 orders (Wilson and Reeder 2005). Of the 8 species for pelvic analysis, 3 are primates, 2 are rodents, and one each is a carnivore, cingulate, and lagomorph. Phylogenetic association can influence statistical results and increase the likelihood of Type I error (Rohlf 2006 ). The 2 analyses for which phylogenetic correction would pertain are those comparing species that give birth to relatively large versus relatively small newborns for SSD of inlet circumference and prevalence of interpubic joint fusion. Albeit recognizing the important influence of phylogenetic association in statistical analysis, this study will nevertheless consider the 8 species to be independent samples for the following reasons. Inlet circumference is not heritable. Rather, it is a composite anatomy of 3 traits of different developmental modules: lower iliac length, pubic length, and sacral breadth (Pomikal and Streicher 2010; Lewton 2012) . (Although the specific site of fusion of iliac and pubic components of linea terminalis, which is used in computation of inlet circumference [see above] cannot be determined on an adult hipbone, lower iliac length and pubic length are close approximations of these components. Pearson's product-moment correlation coefficient between linea terminalis length and summation of lower iliac length and pubic length is 0.998, P < 0.001, 2-tailed test of significance, n = 409 for the combined sample of the 8 species in this study.) Whereas traits in the same module are integrated and coevolve, traits of different modules are relatively uncorrelated with one another (Grabowski et al. 2011; Lewton 2012) . For primates and rodents in this study, therefore, phylogenetic correction would need to be performed separately for lower iliac length, pubic length, and sacral breadth, and these 3 adjusted traits would then need to be combined to estimate inlet circumference for the phylogenetic ancestor. This procedure would be problematic. For prevalence of interpubic joint fusion, A. azarae and S. geoffroyi are New World monkeys, but they are classified in different taxonomic families; A. azarae is in Aotidae and S. geoffroyi is in Cebidae (both species are classified in Infraorder Simiiformes- Wilson and Reeder 2005) . However, caution is warranted in estimating prevalence of interpubic joint fusion in their phylogenetic ancestor because prevalences may vary widely among descendant species. For example, Cercopithecidae (Old World monkeys) and Hominidae (great apes and humans) are taxonomic families also in Simiiformes. Within Cercopithecidae, Trachypithecus cristatus (silvery lutung) and Presbytis rubicunda (maroon leafmonkey) show prevalences of interpubic joint fusion of 0% and 64%, respectively, and within Hominidae, G. gorilla and Pan troglodytes (common chimpanzee) show prevalences of 0% and 34%, respectively (species' prevalence is the mean of sexspecific prevalences- Lovejoy et al. 1995:35, table 2) .
Second, there are 2 concerns about RNBM as an index of potential obstetrical difficulty: 1) the predominance of the indices of RNBM is not based on data for newborn:mother dyads, and 2) newborn head size is more often used than newborn body mass in obstetrical analyses of humans and other primates (Leutenegger 1974; Tague and Lovejoy 1998; Cunningham et al. 2001) . However, newborn body mass is appropriate for this study because not all species deliver with the fetus in a when all specimens show either fused or unfused pelvic joint. Benjamini and Hochberg (1995) procedure used to adjust probability level for multiple comparison.
cephalic presentation (Hamilton 1941; Lang 1967; Gowda 1969; Kurta and Stewart 1990; Campagna et al. 1993 ). More practically, there are far more data in the published literature on newborn body mass than newborn head size and, at least in primates, neonatal body mass is closely associated with neonatal brain mass (r = 0.98, n = 26 species, P < 0.001-Harvey and Clutton-Brock 1985:562-566, table 1). Third, Schutz et al. (2009) report that a single completed pregnancy and relative newborn mass, but not relative litter mass, are significantly associated with size and shape of the pelvis in Mus musculus (house mouse; relative newborn mass and relative litter mass are the percentage of individual newborn body mass and total litter body mass to maternal body mass, respectively). Schutz et al. (2009:838-839) caution researchers that "parturition may be an alternative or additional source of variation . . . in situations where there is unequal sampling of parous and nulliparous females." For females in the pelvimetric analysis of the present study, neither parity status nor newborn size of parous females is fully known. Museum records report number of placental scars for some specimens, but that number may not fully account for total reproductive history (Momberg and Conaway 1956) . Also, rarely is there information in museum records on newborn size for specific adult females. Schutz et al. (2009) did not address whether litter size is an intervening variable between relative newborn mass and maternal pelvic size and shape. A relationship between litter size and newborn body mass, however, may be species-specific. For example, among 11 species in the Superfamily Muroidea (Order: Rodentia), 2 species show a significant inverse relationship between litter size and newborn body mass, but the relationship between these variables is not significant in 9 other species (Dorney and Rusch 1953; Cowan and Arsenault 1954; Martin 1956; Wojciechowska 1970; Ajayi 1975; Hasler and Banks 1975; Myers and Master 1983; Kaufman and Kaufman 1987; McShea and Madison 1989; Sikes 1995; Scharff et al. 1999 ). I am not aware of research concerning whether litter size itself is a factor in selection for obstetrical sufficiency of the maternal pelvis (i.e., number of fetuses that must pass successfully through the birth canal at the conclusion of 1 pregnancy). Finally, there is both inter-and intraspecific variation in litter size. Among births reported in Supporting Information S3, H. lar gives birth to 1 offspring, S. geoffroyi to twins, and D. novemcinctus to quadruplets; litter size in C. canadensis, however, ranges from 1 to 6.
Interpretation of results. -Ridley (1995) stated that most, if not all, mammals show sexual dimorphism in absolute or relative pelvic size, with females being larger than males. This sexual dimorphism is inferred to be an obstetrical adaptation. As species differ in their RNBM (Leitch et al. 1959 ; this study; Supporting Information S3), they are expected to differ in magnitude of pelvic SSD. One problem of previous studies on pelvic SSD is how to control for nonpelvic SSD because species, and sexes within a species, may differ in the allometric association between pelvic and nonpelvic sizes (Schultz 1949; Tague 2000 Tague , 2005 . This study obviated the potentially confounding matter of nonpelvic SSD by using 8 species that are shown here to be sexually monomorphic for 4 measures of nonpelvic size, which are lengths of femur and humerus, femoral head diameter, and body mass.
Metric data were collected for 9 pelvic variables (Table 3 ; Supporting Information S4). However, this study focuses on inlet circumference in analysis of SSD because it is the actual, total space available for fetal entry into the bony birth canal. Pubic length is also analyzed based on 1) prior documentation that it is sexually dimorphic among primates and rodents, 2) its ascription of being sexually dimorphic in all mammals, and 3) its inferred obstetrical importance (Dunmire 1955; Ridley 1995) .
The 1st issue concerns hypotheses that 1) species will show commonality in SSD of obstetrically important dimensions and 2) species that give birth to relatively large newborns will show greater SSD of the pelvis compared to those giving birth to relatively small newborns. As support for the former hypothesis, Ridley (1995) asserted that relative pubic length is significantly longer in females than males in all mammals. Although this study does show that species that give birth to relatively large or relatively small newborns both show SSD in inlet circumference and pubic length, neither variable is sexually dimorphic in Benjamini and Hochberg (1995) procedure used to adjust probability level for multiple comparison; probability level for difference between females and males in U. cinereoargenteus is not significant, with significant P ≤ 0.010; Z not computed for S. geoffroyi because difference between sexes in R is significant based on R being significant in males but not significant in females; females and males are not tested for difference in A. azarae and S. floridanus because both sex-specific Rs are not significant. Adj. R 2 < 0.000 is reported as 0.000 for both sexes in S. floridanus.
TAGUE-PELVIC DIMORPHISM AND NEWBORN MASS
511 all 8 species. Notable among the species that do show SSD in inlet circumference is lack of commonality in the basis for that dimorphism. Two examples illustrate this lack of commonality. First, among the 3 species with the highest indices of SSD of inlet circumference, the indices of SSD for sacral breadth and linea terminalis length (which are the 2 components of inlet circumference) are 1) equal in S. floridanus (7.6 for both pelvic variables), 2) higher for linea terminalis than for sacral breadth in A. azarae (7.9 and 5.4, respectively), and 3) lower for linea terminalis than for sacral breadth in H. lar (5.7 and 9.5, respectively). Second, H. lar and S. geoffroyi have similar indices of RNBM, 8.6 and 7.8, respectively, yet they differ in the relative contributions of lower iliac length and pubic length to linea terminalis length. The indices of SSD for lower iliac length and pubic length in H. lar are 4.5 and 4.8, respectively, but the indices are 0.0 and 4.0, respectively, in S. geoffroyi. These results suggest that each species, or perhaps set of species related phylogenetically, evolves its own suite of pelvic dimorphisms in response to its obstetrical exigencies (Tague 1991) . That is, there are multiple anatomical pathways to achieve an obstetrically sufficient pelvis. Part of the pelvis that is enlarged in females compared to males in 1 species to facilitate obstetrical success may be constrained in its differential enlargement in another species. There are 2 bases for constraint: 1) multiple traits may be integrated in a developmental module, and selection for or against change in 1 trait leads to correlated change in other traits; and 2) a trait may have more than 1 function, which may lead to conflicting selection pressures for change in that trait. For example, selection for mechanical advantage in locomotion may constrain evolution of obstetrically advantageous pelvic SSD (and vice versa-Grabowski et al. 2011; Grabowski 2013) . Lower iliac length approximates the lever arm between sacroiliac and hip joints. Steudel (1984:552) explains the functional importance of this lever arm for a leaper: "The upward forces exerted on the legs by the substrate will act on the pelvis at the acetabulum, while the downward forces of the descending body will act on the pelvis at the sacro-iliac articulation. The bony area through which these forces must be resisted is the lower ilium. Shortening this region reduces the torques produced by these two rotational forces." Difference between S. geoffroyi and H. lar in SSD of lower iliac length (0% and 4.5%, respectively, see above) may be due to locomotor difference. Both species are arboreal, but S. geoffroyi travels more frequently by leaping than does H. lar. S. geoffroyi travels principally by quadrupedal walking/running/bounding and by leaping (43.3% and 41.5%, respectively, of locomotor activity-Garber 1991:222, table 2), whereas H. lar travels principally by brachiation and climbing (56% and 21%, respectively, of locomotor activity), with leaping accounting for 15% of travel (Fleagle 1976:260, table 7) . The mechanical advantage of a short lever arm between sacroiliac and hip joints in leaping may constrain SSD in lower iliac length in S. geoffroyi (also see Lewton 2015) .
Support for the 2nd hypothesis of this issue, which is magnitude of pelvic SSD is related to relative newborn size, comes from Ridley (1995) , who showed that magnitude of SSD in relative pubic length among primates is positively associated with relative newborn cranial size. However, this study shows that magnitude of SSD of inlet circumference (as well as pubic length) is not significantly different between species that give birth to relatively large newborns and those that give birth to relatively small newborns. Two examples illustrate why this hypothesized relationship is not significant. First, S. floridanus has a low index of RNBM (2.9), yet it has the highest index of SSD of inlet circumference (8.0). Second, S. geoffroyi gives birth to relatively large newborns, but its index of SSD of inlet circumference (3.4) is lower than that of 3 species that give birth to relatively small newborns: S. carolinensis (4.5), C. canadensis (4.7), and S. floridanus (8.0). Interpretation of the latter result is presented conjointly with that for pelvic joint fusion (see below).
The 2nd issue in this study concerns hypotheses about prevalence of pelvic joint fusion both between sexes within species and among females in species giving birth to relatively large and relatively small newborns. Unfused pelvic joints are obstetrically advantageous (Tague 1988 (Tague , 1990 ). Pelvic joint mobility, which is enhanced during pregnancy by the hormone relaxin, provides temporary increase in pelvic capacity during delivery (Hall and Newton 1947; Talmage 1947; Zarrow et al. 1961; Zarrow and Wilson 1963; Hisaw and Hisaw 1964; O'Connor et al. 1966; Bagna et al. 1991) . Results of this study show a dichotomy among species in sacroiliac joint fusion. Whereas all D. novemcinctus females and males have sacroiliac joint fusion (also see Galliari and Carlini 2015) , only 0.2% (1 of 418) of individuals in the other 7 species shows this fusion. These results suggest that sacroiliac joint fusion is rare among species and that the universality of sacroiliac joint fusion in D. novemcinctus may be functionally related to its fossorial behavior (Hildebrand 1982) ; however, sacroiliac joint fusion cannot be singularly ascribed to fossorial behavior because sloths (Order: Pilosa) also show this fusion (Flower 1885 ), but they are arboreal climbers. In contrast, interspecific variability in interpubic joint fusion may be obstetrically related. For example, interpubic joint mobility is requisite for successful delivery in C. porcellus and T. brasiliensis (Talmage 1947; Crelin 1969) , which have RNBMs of 14.9 and 26.6, respectively (Supporting Information S3). Prevalence of interpubic joint fusion in females among species in this study ranges from 0% to 100%, and this prevalence is related to RNBM, wherein females among species that give birth to relatively large newborns have significantly lower prevalence of interpubic joint fusion compared to those that give birth to relatively small newborns. Among the 3 species that give birth to relatively large newborns, no female in A. azarae and S. geoffroyi has interpubic joint fusion, and H. lar females have significantly lower prevalence of interpubic joint fusion than males. Perhaps the reason that S. geoffroyi has a relatively low SSD of pelvic inlet circumference (see above) is that this species has enhanced interpubic joint mobility during parturition. However, data are not available to test this speculation. The dimensions of the pelvis that are important for successful parturition are those that are present at delivery. I measured pelvic size in the postmortem animal; this size, presumably, is close to the size in the antemortem, nonpregnant animal. Pelvic size reported in this study does not account for enhanced interpubic and sacroiliac mobility during parturition. This mobility can increase pelvic capacity and facilitate birth. In heifers, for example, difficulty of birth is significantly negatively associated with pelvic area (Johnson et al. 1988) ; relaxin, however, leads to increase in pelvic area and easier delivery (Musah et al. 1986; Bagna et al. 1991) . Whereas the sexual difference in interpubic joint fusion in H. lar implies an obstetrical adaptation, a similar explanation for the absence of interpubic joint fusion in A. azarae and S. geoffroyi is less certain. As neither females nor males in A. azarae and S. geoffroyi show interpubic joint fusion, the ultimate explanation for the unfused joint may not be related to obstetrics. Furthermore, as both species are New World monkeys, their identity in absence of interpubic joint fusion could be due to phylogenetic inheritance. Regardless of the ultimate explanation for an unfused interpubic joint, it is obstetrically advantageous.
The 3rd issue in this study concerns whether the sexes within species differ in their multiple correlation coefficients between inlet circumference and 3 measures of nonpelvic body size. Only S. geoffroyi shows a significant difference between the sexes among the 8 species. How could a species evolve a sexual difference in inlet circumference if the sexes are monomorphic in nonpelvic body size and if they do not differ in their multiple correlation coefficients? The answer is that inlet circumference is relatively dissociated in its size from nonpelvic body size. For example, humans, who show marked pelvic SSD, also show a low association between pelvic size and skeletal measures of body size (Tague 2000; Kurki 2011 ). There can be selection in females for increase in pelvic size without a corresponding increase in nonpelvic body size. Among females in this study, the adjusted coefficient of multiple determination ranges from 0.0% to 54.6% (Table 5) . Notably, the 3 species that give birth to relatively large newborns have "low" (≤ 33%-Tague 2000) adjusted coefficients of multiple determination: A. azarae and S. geoffroyi have coefficients not significantly different from 0, and H. lar's coefficient is 26.1%. Therefore, selection for pelvic obstetrical sufficiency may involve, in part, selection for relative dissociation between pelvic size and nonpelvic body size (also see Grabowski et al. 2011 ).
This study offers 2 cautions for other studies on pelvic sexual dimorphism. First, for a pelvic trait that is sexually dimorphic in some species, lack of dimorphism for that trait in another species implies neither lack of obstetrical difficulty nor overall sexual monomorphism of the pelvis for that species. Second, conjecture about obstetrical difficulty from RNBM should include consideration of both pelvic size and pelvic joint fusion. 
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